From data thus far obtained, it appears that most of the outcross plants carried one or more recessive mutations from the irradiated parent. Thus more than 50 per cent of the functioning gametes of plants from seed exposed to 15,000 r units x-ray or to the nearly equivalent atomic radiation exposure carry one or more gene mutations caused by the radiations.
The dormant seeds in these tests were exposed to much greater irradiation than the lethal dose for most animals or for actively growing plant tissue. But roughly similar frequencies obtained from 15,000 r x-ray and the nearly equivalent Bikini lot support the expectation that atomic bomb radiations have about the same heritable effects as comparable doses of x-rays.
Summary.-Maize seed receiving atomic bomb radiations equivalent to nearly 15 ,000 r units x-ray were tested for hereditary chromosomal alterations and gene mutations.
The frequency of chromosomal alterations as indicated by partial pollen sterility was 4.7-6.4 per cent in progenies which were not entirely random. It is estimated that a random frequency would be between 4.5 and 5.0 per cent.
The frequency of gene mutation was extremely high. Probably more than 50 per cent of the gametes of the exposed generation carried one or more gene mutations.
The frequencies of chromosomal alterations and gene mutations in a lot exposed to 15 ,000 r units x-ray were roughly equivalent to with the exception of the genotype sUam su su du du du, which was grown in a different year.
Vitamin values are reported on an air-dry basis. Since earlier measurements had shown the entire range in moisture content to be from 7.6 to 10.5%, little error in relative values is introduced. Endosperms from each of two ears of each genotype were pooled and ground to 60 mesh in a Wiley electric mill, and the resulting material was thoroughly mixed. For the nicotinic acid assays reported in table 1, 1.0 g. of each sample was hydrolyzed by autoclaving with 50 cc. of 1 N sulfuric acid for 30 minutes at 15 lbs. pressure, and the suspensions were neutralized, filtered and made up to volume. The growth of Lactobacillus arabinosus, as determined by acid production during 72 hours at 35°C., was taken as a measure of the nicotinic acid. The culture medium and the general procedure were those described by carried both suGm and Du, and higher by a factor of approximately 2 (mean, 50.5 niicrograms per gram) in the group of seven types that lacked one or both of these alleles. The difference between the two means is highly significant, with a P value of less than 0.01. Within each of these two groups the variation among individual values is non-significant by the X2 test; nevertheless, there is a marked tendency for nicotinic acid to reflect changes in genotype correlated with changes in starch content. This has been indicated in a column of subgroup means. Thus genotype 0-0 had a nicotinic acid content of 56.7 micrograms per gram of tissue; genotypes 0-1, 0-2 and 0-3 averaged 51.6 micrograms per gram; genotypes 1-0, 2-0 and 3-0 averaged 47.4, and so on. For the entire series, the correlation coefficient between starch and nicotinic acid is -0.97, with a P value of less than 0.01.
It has been shown that the apparent nicotinic acid content of cereal products is influenced by the method of extraction; thus wheat autoclaved with 0.1 N sulfuric acid assayed 37 micrograms of nicotinic acid per gram of Results of exploratory assays for thiamin and biotin, carried out on the same five genotypes, are shown in table 3. These data must be considered only approximate, but they indicate that the two vitamins bear a relationship to the carbohydrate system similar to that of nicotinic acid, in that they are low in starchy types and higher in sugary ones. The biotin level found for genotype 3-3 agrees well with the value reported by Cheldelin changes involving either the Su suam su series or the Du du pair are independently effective. Endosperm tissue from the gene combinatoin Su du has not been assayed, but since this is a starchy type it is probable that the nicotinic acid content would be low. The present data, like those on the carbohydrates,4 have been presented on a percentage basis, or its equivalent. In this genotypic series, however, about 1.37 sugary-type endosperms were required to equal the weight of 1 starchy-type. If the number of cells laid down in an endosperm were essentially the same in the two types (with the weight difference due primarily to differential amounts of stored carbohydrates), and if the production of the vitamins were a cell function unrelated to the genes in question, then sugary tissue might be expected to yield about 1.37 times as much as an equivalent weight of starchy tissue. Such a situation, however, does not account for the extent of the differences found. Studies on starchy maize hybrids14 have shown that variation in nicotinic acid content can also occur as a function of the hybrid, and of the year and the location of the planting. In the present series these factors were not variables.
VOL. 34, 1948 For comparable types, the nicotinic acid values reported here average 'higher than those of Mather and Barton-Wright;3 they agree rather well -with the starchy-type average of Burkholder, et al.,I but are higher than the -sugary-type average reported by these workers. These differences are probably a function of the genetic backgrounds involved, for all these authors reported wide variation in nicotinic acid for both sugary and starchy kernels of various varieties. Their assays differed also in that they -were apparently made upon whole kernels.
The mechanisms underlying the relationships between the carbohydrates and the three B vitamins are not known, and the possibilities are many. The primary action of the genes may relate either directly or indirectly to the carbohydrates or to any one or all of the vitamins.
It has been suggested4 that in the starch-synthesizing processes certain 18 In studies on the inheritance of oil, inbreds of high and low oil content have been obtained, and genetic effects are detectable in their hybrids;'9 the inheritance of proteins and amino acids is likewise being studied. In sweet corn, genes such as du, in conjunction with the common sul, provide possibilities for the development of improved eating quality. The low nicotinic acid content of starchy maize is well known, especially because of its apparent relation to pellagra. A somewhat higher content can be obtained by selection among starchy hybrids,"4 and for purposes for which sugary types can be utilized the still higher levels represent an additional advantage. Summary.-In a series of relatively isogenic mature maize endosperm genotypes, inversely related changes in nicotinic acid and starch content were found to be conditioned by genes at both the sul locus and the du locus. Nicotinic acid content appeared somewhat less sensitive to changes in genotype than did starch content. On a percentage basis sugary types averaged about twice as high in nicotinic acid as starchy types.
The proportion of total nicotinic acid made available by mild hydrolysis was similar in all but one of a group of contrasting genotypes tested.
Exploratory assays for thiamin and biotin indicated that their content in the endoserm, like that of nicotinic acid, is low in starchy types and higher in sugary ones.
Possible mechanisms underlying .these relationships are discussed.
